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WIRELESS COMMUNICATIONS ANTENNA
ASSEMBLY

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application 1s a non-provisional application of and
claims the benefit of priority of U.S. Provisional Application
No. 61/676,778, filed on Jul. 27, 2012, which 1s herein
incorporated by references 1n its entirety for all purposes.

This application 1s related to commonly owned and con-
currently filed U.S. patent application Ser. No. 13/671,086,
titled, “3-D Antenna for Wireless Communications,” and
U.S. patent application Ser. No. 13/671,224, titled, “Wire-
less Communications Apparatus,” the entire contents of
which are herein incorporated by reference 1n their entirety
tor all purposes.

BACKGROUND OF THE INVENTION

Wireless USB 1s a short-range wireless radio communi-
cation protocol. It was designed to operate 1n the 2.0 to 10.6
GHz frequency range. Wireless USB may be used for
wireless communication between a computer and computer
peripheral devices such as mice, keyboards, printers and
scanners, as well as for communicating with game control-
lers, digital cameras, portable media players, hard disk
drives and flash drives.

Other commercial wireless transceivers for providing
wireless communication between a computer and peripheral
devices use other standards such as Firewire (IEEE 1394)
and the mini-USB standard. These other standards use a
form factor with a different plug size.

A “nano” dongle 1s a USB dongle of a particular form
factor 1n which the end cap protrudes beyond the socket
surface by about 6.8 mm. A “pi1co” dongle 1s a USB dongle
of a particular form factor in which the end cap protrudes
beyond the socket surface by an amount less than a nano
dongle. Thus, the length of the pico dongle end cap 1s less
than the length of a nano dongle. A pico dongle form factor
1s desirable because it 1s convenient to leave the dongle
plugged mto a laptop or other mobile computing device
rather than 1nserting the dongle before each use and remov-
ing the dongle before transporting the mobile computing
device. Having the endcap of a dongle almost tlush with the
edge of a mobile computing device reduces the likelihood
that the dongle may be damaged while the mobile comput-
ing device 1s 1n transit. However, creating a small dongle that
has a suflicient radiation pattern and power may be a
challenge. The size of a dongle limits the size of the
clectronics that may be used, especially the size of the
antenna, which typically aflects the radiation pattern. Thus,
an 1mproved antenna design 1s sought.

SUMMARY OF THE INVENTION

Certain embodiments of the invention relate to a method
for constructing a wireless communications apparatus, the
method including attaching a three dimensional antenna
having a first end and a second end to a printed circuit board
(PCB) using a spring-loaded attachment mechanism,
wherein the three dimensional antenna i1s attached in an
orientation that 1s perpendicular to a mounting surface of the
PCB. The method can further include soldering the first end
of the three dimensional antenna to the PCB.

Other embodiments of the invention relate to a wireless
communications apparatus icluding a PCB notched at one
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end with one or more notches. The wireless communications
apparatus may also include an antenna that 1s spring-loaded
into the one or more notches on the PCB, a portion of the
antenna adhered to the PCB to form a subassembly. The
wireless communications apparatus may also include a
housing that encases the subassembly, the housing compris-
ing a plug operable for insertion into a socket housed 1n an
clectronic device.

Other embodiments of the invention relate to a method for
constructing a wireless communications apparatus, the
method mcluding locking a first portion of an antenna device
to a printed circuit board (PCB) by placing the antenna
device mto grooves inset mto the PCB. The method can
further include attaching a second portion of the antenna
device to a bracket housing the PCB to form a subassembly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a simplified diagram of a USB dongle, according,
to an embodiment of the invention.

FIG. 2 1s a simplified diagram of a USB dongle with the
metallic shell removed, according to an embodiment of the
ivention.

FIG. 3A 1s a simplified diagram 1llustrating the difference
between a nano dongle and a pico dongle regarding the size
of the PCB and layout of the antenna, according to an
embodiment of the invention.

FIG. 3B 1s a simplified diagram 1illustrating perspective
views of a pico dongle with a two dimensional (2D) metallic
plate antenna, according to an embodiment of the invention.

FIG. 3C 1s a simplified diagram of a pico dongle with the
end cap removed showing a three-dimensional (3D) wire
antenna, according to an embodiment of the invention.

FIG. 3D 1s a simplified side view diagram of a pico dongle
illustrating a spatial separation between the antenna and the
shield according to an embodiment of the present invention.

FIG. 4 1s a simplified diagram illustrating the three
dimensions of the wire antenna, according to an embodi-
ment of the mvention.

FIG. 5 15 a graph showing the measured radiation patterns
and power for a 3D pico dongle as compared to a 2D pico
dongle, according to an embodiment of the invention.

FIG. 6 15 a graph showing the measured radiation patterns
and power for a 3D pico dongle compared to a 2D nano
dongle, according to an embodiment of the invention.

FIG. 7 1s a simplified flow diagram of the steps for
assembling a dongle using the components illustrated 1n
FIGS. 8 A-8D, according to an embodiment of the invention.

FIGS. 8 A-8D are simplified diagrams 1llustrating compo-
nents of a USB dongle at stages of assembly, according to
an embodiment of the mvention. FIG. 8A 1llustrates a 3D
wire antenna mounted on a PCB; FIG. 8B illustrates the
PCB/antenna subassembly mounted into a bracket; FIG. 8C
illustrates the installation and placement of the endcap; and
FIG. 8D illustrates the placement of the metallic shell.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

FIG. 1 1s a simplified diagram of a USB dongle, according
to an embodiment of the invention. Dongle 100 comprises
two main parts: plug 120 and end cap 110. Plug 120
comprises a printed circuit board (PCB) encased 1n a metal-
lic shell 130. The plug 120 inserts into a USB port on an
clectronic device. Plug 120 may plug directly into a device
such as a personal computer or a laptop computer, or plug
120 may plug mnto a device, which 1s connected to a
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computing device. End cap 110 protrudes out from the USB
socket. End cap 110 may be slightly wider than plug 120, or
end cap 110 may be the same width as plug 120. A wider end
cap would be able to house a larger antenna. Also, end cap
110 provides a place for gripping the dongle for insertion
into and removal from the USB port. A wider end cap also
grves more ol an area under which to slide fingertips 1n order
to grip the dongle for unplugging from the device.

In an alternate embodiment, the dongle module may use
a different kind of mechanical plug such as Firewire, HDMI,
or mim-USB. The components within a dongle of one of
these alternative form factors, or any other form factor, may
be scaled appropriately for the form factor. For example, the
PCB and/or the antenna may be larger than the PCB and
antenna described 1n the specific examples herein. In addi-
tion, dongles of different embodiments may replace or omit
certain components described 1n the example herein. For
example, a dongle may omit the metallic shell in favor of
using a shell of plastic or other material, or may provide a
different way to secure the endcap to the PCB without using
a shell.

FI1G. 2 15 a simplified diagram of dongle 100 viewed from
the bottom with the metallic shell 130 removed from the
plug, according to an embodiment of the mvention. Remov-
ing the metallic shell from the plug exposes PCB 200.

FIG. 3A 15 a ssmplified diagram 1llustrating the difference
between a reference nano dongle and a pico dongle regard-
ing the size of the PCB 200 and layout of the antenna,
according to an embodiment of the mvention. Length 320
indicates the length of PCB 200 in a reference nano dongle
form factor. Length 320 includes the plug length 321 and the
endcap length 322 for the reference nano dongle. For the
reference nano dongle the antenna 1s printed on the PCB 200
within the endcap portion (length 322), and 1s thus in the
same plane as the PCB 200. A metallic shell generally covers
the plug length 321. The antenna printed on endcap length
322 1s not covered by the metallic shell. In other reference
nano dongles, a trace can connect the antenna to internal
circuitry located inside the metallic shell, thereby providing
part of the antenna within plug length 321. The proximity
and overlap of a metallic shell with an antenna 1mpacts the
radiation pattern, because a metallic sheath may block or
interfere with an antenna’s radiation pattern. An endcap may
be applied over the length 322 of the PCB 200 to cover and
protect the antenna.

Dimension 330 illustrates the length of the PCB 200 in a
pico dongle comprising the length of plug 331 and the length
of the antenna 332. In some embodiments, the length of plug
331 1n the pico dongle 1s roughly the same as the length of
321 i1n the nano dongle. The length of the antenna 332
includes a length of antenna 300 orientated perpendicular to
the PCB 200 and a tail portion that 1s soldered to the PCB
200, according to an embodiment of the invention. The
vertical portions are illustrated in FIG. 3A are tilted in
accordance with a perspective view, although the vertical
portions can extend up and down with respect to the plane
of the PCB 200. Dimension 333 illustrates the length of the
generally perpendicular portion of the antenna 300 with
respect to the PCB 200, not including the soldered exten-
s1ion. An endcap may be applied over and/or around the some
or all of the antenna 300 to cover the antenna 300 and for
protection. The endcap may be made of plastic, or another
material that would not significantly reduce the wireless
transmission or reception properties of the antenna 300. The
endcap may also 1solate some or all of the antenna 300 from
the metallic shell enclosing the PCB 200, reducing the
interference that 1t may cause. In some embodiments, the
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length of the antenna portion 332 of the pico dongle 1s about
half of the antenna portion 322 of the reference nano dongle.
The pico dongle, according to embodiments of the mnven-
tion, provides performance and a radiation patterns similar
to reference nano dongles, but with a shorter antenna portion
extending beyond the metallic shell. The configuration of the
pico dongle, according to embodiments of the invention,
provides benefits that cannot be achieved using the reference
nano dongle. For example, reducing the length of the
antenna portion 322 of the reference nano dongle would
result 1n poorer signal strength and radiation pattern. If the
antenna portion of the reference nano dongle were to be
maintained, but partially inserted within the metallic shell to
achieve the same overall length as a pico dongle, the
performance would again be reduced due to interference
from the metallic shell.

FIG. 3B provides simplified perspective views ol a pico
dongle with a two dimensional (2D) metallic plate antenna
according to an embodiment of the present invention. FIG.
3B(1) illustrates a perspective view of a pico dongle as a
complete package. The two dimensional (2D) metallic plate
antenna 1s located inside endcap 307. FIG. 3B(2) 1s a
perspective view from the same angle as that in FIG. 3B(1),
but with metallic shell 305 and the endcap 307 removed,
exposing the PCB 350 and antenna 340. FIG. 3B(3) 15 a
perspective view Irom the underside of the device 1llustrated
in FIG. 3B(2). FIG. 3B(4) 1s a perspective view of the
antenna, illustrating the clipping mechanism used to attach
the antenna to the PCB. Onenting the plate antenna 340
perpendicular to PCB 350 allows the antenna to {it within a
shorter pico endcap. The perpendicular orientation also
provides a quasi-3D performance.

Because the illustrations are not drawn to scale, the plate
antenna 1llustrated 1n FIG. 3B(2) appears to not {it 1n the
endcap 1llustrated i FIG. 3B(1). However, as will be
evident, the plate antenna does, in fact, fit in the endcap.
Further, as illustrated 1n FIG. 3B(4), clips 342 are attached
to the antenna 340 to enable the antenna to be joined to the
PCB at appropriate coupling locations. Although two clips
342 are 1illustrated, additional or fewer clips can be utilized
depending on the particular device geometry and design.

FIG. 3C 1s a simplified diagram of a pico dongle with the
end cap removed showing a three-dimensional (3D) wire
antenna 300, according to an embodiment of the invention.
The shape of wire antenna 300 overcomes the limitation of
its size by radiating in three dimensions. The shape of the
antenna as well as its placement and orientation within the
dongle aflects the radiation pattern. The antenna can be
adjusted/optimized based on desired form factor. In some
embodiments, a minimum distance between the antenna and
shield (1.e., metallic shell 130 illustrated 1n FIG. 1) 1s utilized
to avoid shunting of current.

FIG. 3D 1s a simplified side view diagram of a pico dongle
illustrating a spatial separation between the three-dimen-
sional (3D) wire antenna 300 and the shield 130 according
to an embodiment of the present invention. The minimum
distance may be based on the thickness of the end cap
housing 110. In an embodiment, the plastic end cap 110 may
be about 0.8 mm thick. A thinner housing may reduce the
minimum distance, and thus, the length of the end cap 110.
In an embodiment, the antenna 300 may be no wider and/or
higher than the plug 120. In such an embodiment, the
antenna 300 may retract 1into the plug 120 when not in use
and extend outside of the plug 120 when 1n use.

In an embodiment, the antenna may be three dimensional
and made of wire, resembling the shape of a paper clip that
has been bent so that 1t no longer lies flat. The length 333 of
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the antenna, as i1llustrated in FIG. 3 A, 1s about 1.8 mm which
1s less than the 3 mm length of a typical pico dongle endcap.
FIG. 4 1s a simplified diagram illustrating the height and
width dimensions of wire antenna 300, according to an
embodiment of the invention. In FIG. 4, the illustrated
dimensions are labeled as width 410 and height 420. Width
410 may be the same or larger than the standard USB socket
of 12 mm because the width of the endcap may be wider than
the width of the USB socket. In the embodiment 1llustrated,
the width of the antenna 1s about 11.75 mm, and the end cap
1s slightly wider than the USB socket. In order for antenna
300 to be outside of the metallic shell surrounding the PCB
in the plug portion of the dongle, the end cap that protrudes
from the plug must be at least as long as antenna length 333.
In the illustrated embodiment, height 420 1s an indication of
the vertical dimension of the antenna when the PCB 1s 1n a
horizontal orientation. The antenna may be mounted with a
portion above the PCB and a portion underneath the PCB.
The height 420 of the antenna 1s the minimum thickness of
the endcap. In the illustrated embodiment, height 420 1s
about 4 mm. Thus, the pico dongle that houses this example
antenna 300 may be slightly thicker (1.e. taller) than it 1s
long.

Such a 3D antenna may have a radiation pattern that
allows 1mproved ability to receive a signal from a transmiut-
ter and providing more flexibility regarding placement of the
transmitter. The combination of removing the antenna from
the metallic shell covering the plug and shaping the antenna
to be three dimensional greatly enhances the effective radia-
tion pattern and power of the dongle.

The size of the 3D antenna 1s not limited to the dimen-
sions described 1n the example. For example, a dongle 1n a
HDMI form factor may be used with audio/video equip-
ment, such as a television. Such a dongle may be plugged
into the back of the television where size may be con-
strained. Thus, the antenna within a dongle may be smaller
than other types of wireless antennas used for televisions.
The antenna design and dimensions may also be adjusted to
provide increased signal power. Thus, there may be diflerent
applications of a wireless communication device that require
different sizes and configurations for a 3D wire antenna
mounted perpendicular to a PCB. Further, the dongle may be
used to connect to one device, or to multiple devices
simultaneously. The devices that connect to the dongle may
be of any suitable type, such as but not limited to a computer
mouse, keyboard, video camera, audio/video receiver, audio
headphones, cable box, desktop or mobile computer, smart
phone, and tablet. In some embodiments the dongle may be
configured differently depending on which type of device 1t
1s mntended to connect to.

FIGS. 5 and 6 each 1llustrates the radiation pattern for a
dongle provided according to an embodiment of the inven-
tion, as compared to two different conventional dongles
respectively. In each figure, the dongle provided according
to an embodiment of the invention 1s a pico dongle housing,
a 3D wire antenna. To create the radiation pattern graph for
cach dongle, the power was measured while the dongle was
attached to the same USB port of a particular laptop com-
puter.

FIG. 5 1s a graph illustrating a radiation pattern (507) for
a first conventional dongle that 1s a pico dongle with a 2D
antenna. Radiation pattern (5035) was measured for the
dongle according to an embodiment of the invention (here-
inafter shortened to “pico dongle with 3D antenna” or
simply “3D antenna”). As can be measured using the figure,
the average difference in radiation signal between the 3D
antenna and the first conventional dongle 1s +12 dB. Thus,

5

10

15

20

25

30

35

40

45

50

55

60

65

6

comparing the 3D antenna to a 2D antenna in dongles of the
same form factor shows that the 3D antenna outperforms the
2D antenna.

FIG. 6 1s a graph illustrating the measured radiation
pattern (607) for a second conventional dongle as compared
to the radiation pattern of the 3D antenna (505). The second
conventional dongle 1s a 2D nano dongle. The antenna 1n the
2D nano dongle 1s printed on the PCB. As can be seen 1n the
graph, the performance of the 3D antenna allows the smaller
dongle to perform almost as well as the larger dongle with
only a 2 dB difference on average.

FIGS. 8 A-8D are simplified diagrams 1llustrating compo-
nents of a USB dongle at stages of assembly, according to
an embodiment of the mvention. FIG. 8A 1llustrates a 3D
wire antenna mounted on a PCB. Subassembly 810 com-
prises the antenna 300 attached to the PCB 200. Antenna 300
has spring-like properties. The antenna 1s compressed later-
ally to line up with the notches in the end of the PCB. Once
the antenna 1s 1nserted, the spring force acts laterally in the
arrow directions to hold the antenna 1n place while an end of
the antenna 450 1s soldered to the PCB.

FIG. 8B illustrates subassembly 840 which 1s constructed
by placing subassembly 810 into a bracket 830.

FIG. 8C illustrates the placement of the endcap. Endcap
110 covers antenna 300 and allows for a user to hold the
dongle for msertion and removal of the dongle 1nto and out
of a USB socket. There are two portions to the endcap: a
thicker portion that 1s useful for gripping the dongle with
fingers, and a thinner portion that partially extends over the
PCB. The thinner portion of endcap 110 has two recesses
851 and 852 on the side and top respectively. The endcap 1s
placed onto the bracket from the top and snaps into the
bracket at 853, seen from the bottom of the bracket.

FIG. 8D illustrates the placement of the metallic shell
over the plug. The top and bottom illustrations view the
same subassembly 870 from different angles. In subassem-
bly 870, metallic shell 130 encases a portion of the PCB and
forms the plug that mserts into the USB socket. Metal clip
882 on the top of the metallic shell snap fits into recess 852
on the endcap, and metal clips 881 on both sides of the
metallic shell snap fit into corresponding recesses 851 on the
sides of the endcap.

FIG. 7 1s a simplified flow diagram of the steps for
assembling a USB dongle that refers to the components and
subassemblies shown 1 FIGS. 8A-d, according to an
embodiment of the mvention. For purposes of describing
these assembly steps, the PCB 1s assumed to be onented in
a horizontal position and the antenna orniented 1n a vertical
position, though the assembled dongle may be used in other
orientations. The length of the wire segment between ver-
tical portions 430 and 440 of the wire antenna 1s slightly
greater than the distance between notches 822 on the PCB.
In Step 710, the 3D antenna 1s spring loaded onto a PCB to
form subassembly 810. To attach the antenna to the PCB,
vertically oriented portions of the wire antenna 430 and 440
may be squeezed towards each other close enough so that the
vertical portions can be inserted into notches 822 on the
PCB. Once the wire antenna portions 430 and 440 are
inserted into the PCB notches 822, the spring force acts
laterally (parallel to width 410) to hold the antenna 1n place
while a horizontally oniented portion 450 of the antenna 1s
soldered to the PCB 1n Step 720. Thus, the PCB itself serves
as a holding fixture during soldering, obviating the need for
another plastic part to hold the antenna 1n place as well as
removing the need for extra space on the PCB to place a
soldering fixture during this assembly step. Also, the spring
loading of the antenna onto the PCB allows for easy assem-
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bly of a very small part. This design allows the 3D antenna
shape to occupy a minimal space and yet provide a maximal
RE pattern.
In Step 730, subassembly 810 1s inserted into bracket 830
from the top creating subassembly 840. In Step 740, the
endcap 110 1s placed over the antenna from the top and snaps
into subassembly 840. Hooks 1n the endcap hold the endcap
onto the bracket 830 of subassembly 840 to form subassem-
bly 860. Removing the dongle from the USB socket requires
holding the endcap and pulling 1n the direction away from
the plug. Snapping the endcap onto the bracket from the top
rather than from the end towards the plug avoids the endcap
from separating from the dongle upon removing the dongle
from the USB socket. In Step 750, the metallic shell 130
slides over the plug end of the dongle towards the endcap
110, overlapping a portion of the endcap and holding the
endcap securely onto the dongle. Clips 1n the metallic shell
snap 1nto recesses on the sides of the bracket and the top of
the overlapped portion of the endcap respectively. The entire
assembly of the dongle may be performed without glue or
other additional adhesive substance other than soldering the
antenna to the PCB. This reduces the parts and time required
for assembly.
It should be appreciated that the specific steps illustrated
in FIG. 7 provide a particular method of assembling a
wireless communications dongle according to an embodi-
ment of the present mvention. The individual steps 1llus-
trated 1n FIG. 7 may include multiple sub-steps that may be
performed 1n various sequences as appropriate to the indi-
vidual step. Furthermore, additional steps may be added or
removed depending on the particular applications. One of
ordinary skill in the art would recognize many variations,
modifications, and alternatives.
It 1s also understood that the examples and embodiments
described herein are for illustrative purposes only and that
vartous modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included
within the spirit and purview of this application and scope of
the appended claims.
What 1s claimed 1s:
1. A method for constructing a wireless communications
apparatus for communication between a computing device
and a corresponding peripheral device, the method compris-
ng:
laterally compressing a three dimensional antenna having
a first end and a second end;

inserting the three dimensional antenna, while com-
pressed, into one or more notches 1 one end of a
printed circuit board (PCB), wherein the three dimen-
sional antenna 1s attached 1n an orientation that 1s
perpendicular to a mounting surface of the PCB;

releasing the three dimensional antenna to secure the three
dimensional antenna to the mounting surface of the
PCB; and

soldering the first end of the three dimensional antenna to

the PCB.

2. The method of claim 1 further comprising placing the
PCB 1nto a bracket.

3. The method of claim 2 further comprising encasing the
three dimensional antenna within a plastic end cap that snaps
into the bracket.

4. The method of claim 1 further comprising encasing a
portion of the PCB within a metallic shell, wherein the three
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dimensional antenna comprises a loop portion adjacent to
the second end of the three dimensional antenna and ori-

ented perpendicular to the mounting surface of the PCB,

wherein the loop portion 1s not encased within the metal-
lic shell.

5. The method of claim 1 wherein the antenna 1s a wire
antenna.

6. The method of claim 5, further comprising inserting
particular vertical portions of the antenna into the one or
more notches.

7. The method of claim 6 further comprising:

after inserting the particular vertical portions of the
antenna into the one or more notches, releasing the
antenna,

wherein a spring force of the compressed antenna exerted

against edges of the notches causes the antenna to be
joined to the PCB.

8. A method for constructing a wireless communications
apparatus 1n a Universal Serial Bus (USB) device, the
method comprising:

laterally compressing a three dimensional antenna having,
a first end and a second end;

inserting the three dimensional antenna, while com-
pressed, mto one or more notches 1 one end of a
printed circuit board (PCB), wherein the three dimen-
sional antenna 1s attached 1n an ornentation that is
perpendicular to a mounting surface of the PCB;

releasing the three dimensional antenna, thereby causing
the three dimensional antenna to decompress and pro-
vide a securing force to secure the three dimensional
antenna to the mounting surface of the PCB; and

soldering the first end of the three dimensional antenna to
the PCB.

9. The method of claim 8 further comprising placing the
PCB 1nto a bracket.

10. The method of claim 9 further comprising encasing
the three dimensional antenna within a plastic end cap that
snaps 1nto the bracket.

11. The method of claim 1 further comprising encasing a
portion of the PCB within a metallic shell, wherein the three
dimensional antenna comprises a loop portion adjacent to
the second end of the three dimensional antenna and ori-
ented perpendicular to the mounting surface of the PCB,

wherein the loop portion 1s not encased within the metallic
shell.

12. The method of claim 1 wherein the antenna 1s a wire
antenna.

13. The method of claim 12, further comprising inserting
particular vertical portions of the antenna into the one or
more notches.

14. The method of claim 13 further comprising:

alter inserting the particular vertical portions of the
antenna into the one or more notches, releasing the
antenna,

wherein a spring force of the compressed antenna exerted

against edges of the notches causes the antenna to be
joined to the PCB.
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